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Summary 
Because of its enormous supply and its chemical energy potential, H28 has 
been targeted as a possible fuel for development in fuel cell research to be done in 
this laboratory. Past research has shown that even traces ofH28 are detrimental to 
molten carbonate fuel cells; however, studies suggest it as a strong possibility for use 
as a fuel in a solid oxide fuel cell. We will also pursue its use with proton conducting 
fuel cell systems. 
The electrochemistry of this process is interesting; the products of the H28 
reaction in the solid oxide fuel cell include H20, 802, and 82• However, the reactions 
actually occuring are unclear. The most desirable at the anode is: 
H 28 + 0
2
- ==> H 20 + 112 82 + 2e· (1) 
The least desirable is: 
H28 + 30
2
• ==> H20 + 802 + 2e· (2) 
Thermodynamic and kinetic experiments are underway to determine the domain of 
each reaction. Further, the effect of catalyst on the reaction distribution will be 
examined. 
The proton conducting fuel cell may provide a significant step in the conversion 
of H2S to steam and elemental sulfur, because the half cell reactions are such that 
oxide ion and H28 or sulfur are never in contact with each other. Thus, 802 will not 
be produced. Experiments similar to those for the oxide cell will be carried out in 
order to determine the thermodynamic and kinetic parameters. 
2 
Introduction 
In the 1990's, over ten million tons of sulfur will be recovered annually from 
oil and gas sweetening processes in the United States. The sulfur is recovered from 
hydrogen sulfide, which is concentrated by any of several scrubbing/regeneration 
schemes. The energy available in this conversion 
(3) 
is over 36 kcal/g mol. However, the Claus process, the overwhelming choice for 
conversion, discharges all of this energy as heat, captured mainly in the form of 
steam. 
This same reaction, equation (3), if utilized through a fuel cell, with air as 
oxidant, would yield, at 900° C, an equilibrium potential of 0.79 volts. If a fuel cell 
stack can be operated at 80%, a realistic goal for high temperature operation, the 20% 
loss to heat is sufficient to maintain the stack and preheat the gases. In one scheme, 
In one scheme, a preheater would be used to bring the reactive gases to about 400°C. 
A regenerative heat exchanger would then bring the gases to cell temperature; the 
exhaust gases would leave the preheater at about 500°C, and then be used to 
generate steam from further power generation. At the projected rate of sulfur 
recovery, this amounts to a potential for over 1100 "MW. 
This potential has been obvious for decades; however, the means for its 
implementation has been elusive. A fuel cell requires electrodes for both fuel and 
oxidant; these must be good electronic conductors and be catalytic for the respective 
half cell reactions, undergoing no net chemical change. Between the electrodes, the 
3 
electrolyte system must be an ionic conductor (oxide or proton conductors), 
transporting negatively or positively charged ions at a rate equivalent to the current 
density. Both types of electrolyte systems will be studied in the course of this work. 
Development of H2S Fuel Cells 
Electrolyte stability has been a major hindrance in H2S fuel cell development. 
With an acidic electrolyte, the anodic oxidation of H2S is as follows: 
H2S ==> 2H+ + S + 2e· (4) 
However, liquid and solid sulfur are powerful insulators and will cause deactivation 
of the electrode. With a basic electrolyte, the reaction is as follows: 
H2S + 20H· ==> 2H20 + S + 2e· (5) 
In this case, the sulfur dissolves to form sulfides and polysulfides. 
Higher temperature phosphoric acid fuel cells and molten carbonate fuel cells 
have been shown to operate successfully with only ppm levels ofH2S; the electrolytes 
are unfavorably altered by H2S during operation. However, solid oxide fuel cells have 
been found to be tolerant of high levels of H2S. 
Research Goals 
Fuel cell systems have been the focus of much research. For H/02 fuel cells, 
oxide conducting solid electrolyte systems have been developed from Zr02 and Ce02• 
Similarly, proton conducting ceramic solid electrolyte systems have been developed 
based on BaCe03 and SrCe03• The H2S/02 fuel cell utilizes H2S as the fuel, and 
5 
II. Proton Conducting Electrolyte Systems 
The recent development of proton conducting electrolyte systems provides an 
exciting possibility for use in the electrochemical utilization of hydrogen sulfide. At 
the time of the initial research proposal, the study of the H2S fuel cell was limited to 
oxide conducting electrolyte systems. We have since expanded this study to include 
the development of similar proton conducting electrolyte systems. Proton conducting 
electrolytes have previously been successfully used in H2 I 0 2 fuel cells systems 
( 4,5,6, 7). The attractiveness of their application to the H2S fuel cell is the elimination 
of S02 as a possible product. The half cell reactions are: 
Anode: H2S ==> 2H+ + 2e· + 1/2 S2 
Cathode: 1/2 0 2 + 2H+ + 2e· ==> H20 
(9) 
(10) 
Since oxides and electrons are not conducted across the electrolyte the sulfur species 
and oxides are never in direct contact; thus only water and sulfur are the possible 
products, and no S02 is produced. 
Experimental 
The Zr02 electrolyte is available commercially stabilized with Y20 3• Both Ce02 
and Zr02 electrolyte disks will be prepared on site as well. The procedure consists 
of mixing either Ce02 or Zr02 powder with polyvinyl butyral and MEK. This slurry 
is used in a tape casting procedure and then air dried. The disks are then sintered 
at 1000° Cina furnace. The proton conducting electrolytes are prepared similarly 
4 
produces elemental sulfur and electrical energy. Two classes of fuel cells will be 
studied: one which has oxide conducting electrolyte and the other which has proton 
conducting electrolyte. The development of proton conducting electrolytes is exciting, 
because of its potential application to use in H2S fuel cells, which we will study here. 
I. Oxide Conducting Electrolyte Systems 
The H2S fuel cell with oxide conducting Zr02 electrolyte has previously been 
studied (1,2,3). We are examining the analogous cell using Ce02 as the solid 
electrolyte. This electrolyte system is attractive because the higher conductivity of 
Ce02 versus Zr02 allows the cell to be operated at a lower temperature (600° C 
instead of 1000° C). At present, the anodic reaction mechanisms are not fully known. 





- ==> H 20 + 802 + 6e-
H2S + 0 2- ==> H20 + 1/2 82 + 2e-
1/2 0 2 + 2e- ==> 0
2
-
Thus all three species (82, 802, and H20) are possible products. 
TEMPERATURE E 6,8 (Volts) E 7,8 (Volts) 
600° c 0.815 v 0.796 v 
800° c 0.788 v 0.791 v 





by mixing Ce02, SrC03, and Nd20 3 or mixing Ce02, BaC03, and Yb20 3 and tape 
casting by the above mentioned procedure to prepare the solid electrolyte disks. 
Electrolyte systems are summarized in Table IL 
In the initial experiments, platinum catalyst electrodes will be painted onto ·the 
electrolyte surface for both the anode and the cathode, as well as the reference 
electrode. In the later experiments, ceramics based on LBxSr 1_xMn03, as well as other 
perovskite electrodes will be tested. The ceramic electrocatalysts Lao.9Sr0.1Mn09 
(cathode) and LaMg0.05Cr0.950 9 (anode) have been manufactured and utilized in this 
laboratory for research in molten salt cells. In initial experiments in which these 
electrocatlaysts are used, they will be applied to the electrolyte as a thin paste. If 
these runs indicate further investigation, more efficient depositions will bt?. tested. 
Later, other perovskite electrocatalysts will be tested. The ability to use these less 
expensive ceramic electrocatalysts will increase the economic feasibility of the cells 
for larger scale operation. 
The cell housings will be made of silica sealed with alumina. High density 
ceramic tubes will be used for gas inlet and exits (see Figure 1). The housing 
apparatus will be held in a 1000 C furnace by a mechanical vise. The cell will be 
sealed on the electrolyte disk by glass 0-rings. 
Platinum wire will be used as the current carrier. Current collectors, also 
made of platinum, will be painted onto the electrolyte surface and be connected to the 
current carrier wire, which will lead out of the cell via the ceramic gas tubes. 
Cyclic voltammetry will identify the electrical potentials at which the electrode 
7 
reactions occur. A potentiostat will measure the current drawn in the cell at these 
potentials. Inlet gas compositions will be monitored using gas chromatograph 
analysis. Product gas compositions will be similarly studied, monitoring the 802 
production with thermal conductivity and flame photometric detection, which is 
precise to ppm measurements (see Figure 2). Similarly, an ion chromatograph will 
be used to monitor the 802 production and the H2S inlet and exit compositions, as 
total sulfur expressed through sulfate. Ion chromatography will also be used to 
monitor the electrolyte and electrodes for composition changes that may occur via 
sulfur deposits during cell operation. 
Among the experimental goals of this study are the concentration 
dependence of 802 on current, applied overpotential, temperature, and electro-
catalysts chosen. Both full cell and half cell experiments will be performed; these 
include steady state polarization, cyclic voltammetry, gas analysis, and cell power 
performance. In the experiments involving proton conducting electrolyte fuel cells, 
elemental sulfur will be isolated and collected. 
Achievements 
1. Procured raw materials and ceramic samples 
2. Procured ion chromatograph 
3. Designed furnace, flow scheme 
4. Initiated proton conductor scheme (patent applied for) 
8 
Facilities 
A one-thousand square foot laboratory is dedicated to electrochemical studies. 
Equipment includes several PAR Model 371 potentiostats and one model 273. There 
are a number ofX-Y recorders as well as X-Time recorders. There are three storage 
analog oscilloscopes, and a digital oscilloscopewith IBM-compatible diskette file 
storage. 
Two programmable Hewlett-Packard gas chromatographs, housed in the 
laboratory, are used solely for the~e studies. An optional flame photometric detector 
allows sulfur species measurement down to ppm levels. A Dionex DX-100 Ion 
Chromatograph will also be used in these studies. 
A large hood, uJed in prior high temperature work with hydrogen sulfide will 
house the furnace. Controls used for gas flow monitoring, analysis, and electronics 
are mounted outside the hood at a lab bench. 
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Table 1. H2S FUEL CELL HALF CELL REACTIONS 
Half Cell Reactions Anode Cathode 
Class 1: Oxide Conducting H28 + 02- ==> H20 + 1/2 82 + 2e- 1/2 0 2 + 2e- ==> 02-
Electrolyte H28 + 302- ==> H20 + 802 + 6e-
Class 2: Proton Conducting H28 ==> 2H+ + 2e- + 112 82 1/2 0 2 + 2H+ + 2e- ==> H20 
Electrolyte 
10 
Table II. H2S FUEL CELL MATERIALS 
Products Prepared Preparation Experimental 
From Uses 
Zr02 (8 Y20 3) Zr02, Y20 3, Commercially Oxide Conducting 
MEK, available and by Electrolyte 
polyvinyl solid state rxn on 
butyral site, tape casting 
Ce02 (8 Y20 3) Ce02, Y20 3 Solid state rxn on Oxide Conducting , 
MEK, site, tape casting Electrolyte 
polyvinyl 
butyral 
Ba Ce,µ d1.x03• BaC03, Ce02, Solid state rxn, Proton Conducting 




SrCex Yb1.xOa. SrC03, Ce02, Laboratory Proton Conducting 
Yb20 3, MEK, preparation Electrolyte 
polyvinyl 
butyral 
Platinum Paint Platinum Commercially Electrocatalyst 
Available 
LaSr0.9Mn0.10 3 Previously Electrocatalysts 
LaMgo.05Cr o.9s0a Prepared on site 
12 
Table III. FUEL CELL CONFIGURATIONS 
Anodic Gas Anode Electrolyte Cathode Cathodic 
Gas 
I 
Class 1: Oxide I Conductors 
I I I I 
Pt Pt 
Perovskites Perovskites 
H2 (Ln1_x~M'03) Zr02 (8 Y20 3) (Ln1_x~M'03) 0 2 (air) 
Ln=lanthanoid metal Ln=lanthanoid metal 
M=alkaline earth M=alkaline earth 
M'=trans. metal M'=trans. metal 
13 
Anodic Gas Anode Electrolyte Cathode Cathodic 
Gas 
H2S Pt Zr02 (8 Y20 3) Pt 0 2 (air) 
Perovskites? Perovskites? 
I I I I I I 
H2 Pt Ce02-Y20 3 Pt 0 2 (air) 
Perovskites? La0.6Sr o.4Co03 
* H2S * Pt Ce02-Y20 3 ? Pt 0 2 (air) 
LllxSr i-xCoOa- ? 
14 
Anodic Gas Anode Electrolyte Cathode Cathodic 
Gas 
I 
Class 2: Proton I Conductors I I I I 
Pt Proton Conductors Pt 




* H 2S * New Area 0 2 (air) 
Perovskites Perovskites 
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Summary 
H28 has been targeted as a possible fuel for development in fuel cell research 
to be done in this laboratory. The prospects are clear: H28 is not only plentiful in 
supply, but, more importantly, it has much chemical energy potential. Detrimental 
to molten carbonate fuel cells even in trace amounts, H28 has been suggested as a 
strong possibility for use as a fuel in a solid oxide fuel cell. We will also pursue its 
use with proton conducting fuel cell systems. 
This process has interesting electrochemistry; the products of the H28 reaction 
in the solid oxide fuel cell include H20, 802, and 82• However, the actual reactions 




• ==> H20 + 112 82 + 2e· 
The least desirable is: 
H28 + 30
2
• ~=> H20 + 802 + 2e· 
(1) 
(2) 
Thermodynamic and kinetic experiments are underway to determine the domain of 
each reaction. Further, the effect of catalyst on the reaction distribution will be 
examined. 
A proton-conducting fuel cell may provide a significant step in the conversion 
of H28 to steam and elemental sulfur, because the half cell reactions are such that 
oxide ion and H28 or sulfur are never in contact with each other. Thus, 802 will not 
be produced. The individual half cell reactions are: 
Anode: H28 ==> 2H+ + 2e· + 1/2 82 (3) 
(4) 
Experiments similar to those for the oxide cell will be carried out in order to 
determine the thermodynamic and kinetic parameters. 
Introduction 
In the 1990's, over ten million tons of sulfur will be recovered annually from 
oil and gas sweetening processes in the United States. The sulfur is recovered from 
hydrogen sulfide, which is concentrated by any of several scrubbing/regeneration 
schemes. The energy available in this conversion 
(5) 
is over 36 kcaVg mol. However, the Claus process, the overwhelming choice for 
conversion, discharges all of this energy as heat, captured mainly in the form of 
steam. 
This same reaction, equation (3), if utilized through a fuel cell, with air as 
oxidant, would yield, at 900° C, an equilibrium potential of 0.79 volts. If a fuel cell 
stack can be operated at 80%, a realistic goal for high temperature operation, the 20% 
loss to heat is sufficient to maintain the stack and preheat the gases. In one scheme, 
In one scheme, a preheater would be used to bring the reactive gases to about 400°C. 
A regenerative heat exchanger would then bring the gases to cell temperature; the 
exhaust gases would leave the preheater at about 500°C, and then be used to 
generate steam from further power generation. At the projected rate of sulfur 
recovery, this amounts to a potential for over 1100 "MW. 
This potential has been obvious for decades; however, the means for its 
implementation has been elusive. A fuel cell requires electrodes for both fuel and 
oxidant; these must be good electronic conductors and be catalytic for the respective 
half cell reactions, undergoing no net chemical change. Between the electrodes, the 
electrolyte system must be an ionic conductor (oxide or proton conductors), 
transporting negatively or positively charged ions at a rate equivalent to the current 
density. Both types of electrolyte systems will be studied in the course of this work. 
Development of ~S Fuel Cells 
Electrolyte stability has been a major hindrance in H2S fuel cell development. 
With an acidic electrolyte, the anodic oxidation of H2S is as follows: 
H2S ==> 2H+ + S + 2e- (6) 
However, liquid and solid sulfur are powerful insulators and will cause deactivation 
of the electrode. With a basic electrolyte, the reaction is as follows: 
H2S + 20H- ==> 2H20 + S + 2e· (7) 
In this case, the sulfur dissolves to form sulfides and polysulfides. 
Higher temperature phosphoric acid fuel cells and molten carbonate fuel cells 
have been shown to operate successfully with only ppm levels of H2S; the electrolytes 
are unfavorably altered by H2S during operation. However, solid oxide fuel cells have 
been found to be tolerant of high levels of H2S. 
State of Research 
For H/02 fuel cells, oxide conducting solid electrolyte systems have been 
developed from Zr02 and Ce02• Similarly, proton-conducting ceramic solid electrolyte 
systems have been developed based on BaCe03 and SrCe03 • The H2S/02 fuel cell 
under current development in this laboratory utilizes H2S as the fuel, and produces 
elemental sulfur and electrical energy. Two classes of fuel cells will be studied: one 
which has oxide-conducting electrolyte and the other which has proton-conducting 
electrolyte. 
I. Oxide-Conducting Electrolyte Systems 
The H2S fuel cell with oxide conducting Zr02 electrolyte has previously been 
studied (1,2,3). We are examining the analogous cell using Ce02 as the solid 
electrolyte. This electrolyte system is attractive because the higher conductivity of 
Ce02 versus Zr02 allows the cell to be operated at a lower temperature (600° C 
instead of 1000° C). At present, the anodic reaction mechanisms are not fully known. 
The oxide conducting electrolyte half cell reactions may be as follows: 
Anode: 
Cathode: 
H 2S + 30
2
- ==> H 20 + S02 + 6e-
H2S + 0 2- ==> H20 + 1/2 82 + 2e· 
1/2 0 2 + 2e· ==> 0
2
-
Thus all three species (82, 802, and H20) are possible products. 
TEMPERATURE E 6,8 (Volts) E 7,8 (Volts) 
600° c 0.815 v 0.796 v 
800° c 0.788 v 0.791 v 




Currently, electrolyte fabrication is the focus of the research effort. Two 
methods of manufacture are being examined: tape casting and uniaxial dry pressing. 
The targeted electrolyte membrane thickness has been set at 1 mm. However, 
much thinner membranes are possible. By minimizing the electrolyte thickness, the 
subsequent IR drop is reduced, which consequently gives better cell performance. 
Tape casting is a method for membrane fabrication currently utilized by the 
microelectronics industry. The advantage that it offers is the ability to easily create 
very thin membranes. 
The tape casting procedure consists of mixing the ceramic powders with a 
polymeric binder system in an organic solvent. This slurry is mixed in ajar mill and 
then poured onto a flat surface to be air dried. From this tape, disks are cut and 
then slowly heated through the temperature range in which the organic binder 
decomposes and "burns out." Once the binder is removed, the porous ceramic body 
left behind must be strengthened and densified. This is done by sintering, or heating 
the disk at temperatures near 1000° Cina furnace. 
The problems frequently encountered in tape casting include binder burnout 
and warping or wrinkling. These problems are minimal in systems which require 
porous ceramic membranes, but are significant if dense membranes are required. 
An alternative to tape casting is uniaxial dry pressing. Dry pressing is the 
better method when high density membranes are required. The process consists of 
mixing the ceramic powders with a binder and dispersant in a solvent, typically 
aqueous. The solvent is evaporated and the powders are pressed into "green body" 
disks. These disks are then sintered at temperatures up to 1600° C. Difficulties 
encountered in this method include binder burnout, uneven density, and warping. 
II. Proton-Conducting Electrolyte Systems 
The recent development of proton conducting electrolyte systems provides an 
exciting possibility for use in the electrochemical utilization of hydrogen sulfide. At 
the time of the initial research proposal, the study of the H2S fuel cell was limited to 
oxide conducting electrolyte systems. We have since expanded this study to include 
the development of similar proton conducting electrolyte systems. Proton conducting 
electrolytes have previously been successfully used in H2 I 0 2 fuel cells systems 
(4,5,6,7). The attractiveness of their application to the H2S fuel cell is the elimination 
of 802 as a possible product. The half cell reactions are: 
Anode: H28 ==> 2H+ + 2e· + 1/2 82 
Cathode: 1/2 0 2 + 2H+ + 2e· ==> H20 
(11) 
(12) 
Since oxides and electrons are not conducted across the electrolyte the sulfur species 
and oxides are never in direct contact; thus only water and sulfur are the possible 
products, and no 802 is produced. 
The fabrication of the proton-conducting membranes is similar to that of the 
oxide-conducting membranes. Both tape casting and uniaxial dry pressing techniques 
are appropriate and will be examined. 
III. Experimental 
A. Electrolyte Membrane 
The primary step in membrane fabrication is the powder processing. In order 
to achieve a high (90+%) membrane density, the starting powder particle size should 
be small and have a narrow range. These two qualities allows for a more uniformly 
packed disk which sinters at a lower temperature and with less warping. A process 
which yields oxide ceramic powders of these specifications is coprecipatation. 
In this process, the metal nitrates of cerium and yttrium are first dissolved in 
de-ionized water. This solution is then added dropwise to an equivolume solution of 
ammonium hydroxide which is stirred. The resulting precipitate, an intimate 
chemical mixture of the hydroxides of the metals, is then filtered and given a series 
of washes. The first wash is with acetone, followed by a toluene wash, and finally 
another acetone wash. This oxide precipitate is then calcined at 450° C for two hours 
to yield the oxide mixture. The powders are then ground with a mortar and pestle 
and screened to less than 75 microns. The resulting oxides are then ready for 
membrane fabrication. Previous studies of the coprecipitation technique followed by 
the acetone, toluene, acetone wash have showed this method to yield powders of even 
less than 2 microns (8,9). The final powders have been characterized by X-ray 
crystallographic methods. 
Electrolyte disks of Ce02 are currently being prepared on site. A tape casting 
procedure has been studied using polyvinyl butyral binder and methyl ethyl ketone 
solvent. The tape cast disks have been manufactured by the procedure as mentioned 
earlier and then sintered at 1500° Cina furnace. Uniaxial pressing is also being 
investigated for membrane manufacture. Several binders are being used: polyvinyl 
alcohol (PVOH) (Kodak), methyl cellulose 4000 (Fischer Scientific), Methocel 20· 122 
(Dow), and polyvinyl butyral (Aldrich). The powders have been pressed at 20,000 psi 
and then sintered at 1500° C. Proton-conducting electrolytes will be manufactured 
similarly. Electrolyte systems are summarized in Table II. 
B. Electrodes 
In the initial experiments, platinum catalyst electrodes will be painted onto the 
electrolyte surface for both the anode and the cathode, as well as the reference 
electrode. In the later experiments, ceramics based on LLixSr1_>fn03, as well as other 
perovskite electrodes will be tested. The ceramic electrocatalysts L&o.9Sr0.1Mn03 
(cathode) and LaMg0.msCr0•950 3 (anode) have been manufactured and utilized in this 
laboratory for research in molten salt cells. In initial experiments in which these 
electrocatlaysts are used, they will be applied to the electrolyte as a thin paste. If 
these runs indicate further investigation, more efficient depositions will be tested. 
Later, other perovskite electrocatalysts will be tested. The ability to use these less 
expensive ceramic electrocatalysts will increase the economic feasibility of the cells 
for larger scale operation. 
C. Cell Housings 
The cell housings will be made of two different ceramics. First, housings made 
of silica sealed with alumina will be used. These housings are relatively porous, but 
are very stable at temperatures well above the operating range. Additionally, 
housings made of MACOR (Accuratus Ceramics) will be used. These housings are 
less porous and should provide better gas seals than the silica ones, but are limited 
in operating temperature. High density ceramic tubes will be used for gas inlet and 
exits (see Figure 1). The housing apparatus will be held in a 1000° C furnace by a 
mechanical vise. The cell will be sealed on the electrolyte disk by platinum 0-rings. 
Platinum wire (Englehard Corp) will be used as the current carrier. Current 
collectors, also made of platinum, will be painted onto the electrolyte surface and be 
connected to the current carrier wire, which will lead out of the cell via the ceramic 
gas tubes. 
D. Analytical Techniques 
Cyclic voltammetry will identify the electrical potentials at which the electrode 
reactions occur. A potentiostat will measure the current drawn in the cell at these 
potentials. Inlet gas compositions will be monitored using gas chromatograph 
analysis. Product gas compositions will be similarly studied, monitoring the 802 
production with thermal conductivity and flame photometric detection, which is 
precise to ppm measurements (see Figure 2). Similarly, an ion chromatograph will 
be used to monitor the 802 production and the H2S inlet and exit compositions, as 
total sulfur expressed through sulfate. Ion chromatography will also be used to 
monitor the electrolyte and electrodes for composition changes that may occur via 
sulfur deposits during cell operation. 
Among the experimental goals of this study are the concentration dependence 
of 802 on current, applied overpotential, temperature, and electrocatalysts chosen. 
Both full cell and half cell experiments will be performed; these include steady state 
polarization, cyclic voltammetry, gas analysis, and cell power performance. In the 
experiments involving proton conducting electrolyte fuel cells, elemental sulfur will 
be isolated and collected. 
Recent Achievements 
1. Constructed 1000° C furnace for cell experiments 
2. Obtained and set up electrical components necessary for experiments 
3. Tested operation of all components for cell experiments 
4. Completed experimental set up in fume hood 
5. Constructed multiple sets of cell housings from silica and macor 
6. Developed coprecipitation and filtration washing process for fine particle size 
electrolyte powder preparation 
7. Tested multiple binders for dry pressing electrolyte disks 
8. Manufactured multiple "green body" electrolyte disks 
9. Developed sintering process for electrolyte disks 
10. Purchased current collector and carrier wires 
11. Purchased initial electrode materials 
12. Designed gas flow scheme 
13. Initiated proton conductor scheme (patent applied for) 
14. Obtained programmable 1700° C sintering furnace 
Future Work 
The current research emphasis is on electrolyte manufacture and initial cell 
runs. Multiple powder processing techniques will be further developed, the binder 
system will be developed, and sintering will be optimized. Initial full cell ex-
periments with Ce02 electrolyte and platinum electrodes will be performed. 
Facilities 
A one-thousand square foot laboratory is dedicated to electrochemical studies. 
Equipment includes several PAR Model 371 potentiostats and one model 273. There 
are a number ofX-Y recorders as well as X-Time recorders. There are three storage 
analog oscilloscopes, and a digital oscilloscope with IBM-compatible diskette file 
storage. 
Two programmable Hewlett-Packard gas chromatographs, housed in the 
laboratory, are used solely for these studies. An optional flame photometric detector 
allows sulfur species measurement down to ppm levels. A Dionex DX-100 Ion 
Chromatograph will also be used in these studies. 
A large hood, used in prior high temperature work with hydrogen sulfide will 
house the furnace. Controls used for gas flow monitoring, analysis, and electronics 
are mounted outside the hood at a lab bench. 
Table 1. H:aS FUEL CELL HALF CELL REACTIONS 
Half Cell Reactions Anode Cathode 
Class 1: Oxide Conducting HJ) + 0 2- ==> H20 + 1/2 82 +2e- 1/2 0 2 + 2e- ==> 02-
Electrolyte H2S + 302- ==> H20 + S02 + 6e-
Class 2: Proton Conducting H2S ==> 2H+ + 2e- + 1/2 8 2 1/2 0 2 + 2H+ + 2e- ==> H20 
Electrolyte 
Table II. ~s FUEL CELL MATERIALS 
Products Prepared Preparation Experimental 
From Uses 
Ce02 (8 Y 20a) Ce02, Y20 3, U niaxial Dry Oxide Conducting 
PVOH/Methocel Pressing Electrolyte 
Water (Already made) 
Ce02 (8 Y20a) Ce02, Y20a Solid state rxn on Oxide Conducting . 
MEK, site, tape casting Electrolyte 
polyvinyl (Already made) 
butyral 
BaCexN di-xOa. BaC03, Ce02, Solid state rxn, Proton Conducting 
Nd20 3, MEK, tape casting Electrolyte 
polyvinyl 
butyral 
SrCex Yb1_x03_ SrC03, Ce02, Laboratory Proton Conducting 
Yb20 3, MEK, preparation Electrolyte 
polyvinyl 
butyral 
Platinum Paint Platinum Commercially Electrocatalyst 
Available 
LaSro.9Mno.10a Previously Electroca talysts 
LaMgo.o5Cr o.950a Prepared on site 
Table III. FUEL CELL CONFIGURATIONS 
Anodic Gas Anode Electrolyte Cathode Cathodic 
Gas 
I 
Class 1: Oxide I Conductors 
I I I I 
Pt Pt 
Perovskites Perovskites 
H2 (Ln1_xM,µ'03) Zr02 (8 Y20 3) (Ln1-xM,µ'03) 0 2 (air) 
Ln=lanthanoid metal Ln=lanthanoid metal 
M=alkaline earth M=alkaline earth 
M'=trans. metal M'=trans. metal 
H 2S Pt Zr02 (8 Y20 3) Pt 0 2 (air) 
Perovskites? Perovskites? 
Anodic Gas Anode Electrolyte Cathode Cathodic 
Gas 
I I I I I I 
H2 Pt Ce02-Y20 3 Pt 0 2 (air) 
Perovskites? La0.6Sr0•4Co03 
* H2S * Pt Ce02-Y20 3 ? Pt 0 2 (air) 
(Research 
Target) L~Sr i-xCoOa- ? 
Anodic Gas Anode Electrolyte Cathode Cathodic 
Gas 
I 
Class 2: Proton I Conductors 
I I I I 
Pt Proton Conductors Pt 
H2 Perovskites SrCeo.95 Yho.0503 Perovskites 0 2 (air) 
SrCe0.9Sc;,.10a. 
BaCe0.9N do.1 Oa. 
Pt Pt 
* H 2S * New Area 0 2 (air) 
(Research Perovskites Perovskites 
Target) 
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A high-temperature fuel cell was sought, which would allow the direct 
conversion of hydrogen sulfide to sulfur and electrical energy, using air as 
the oxidant. Solid oxide electrolytes seem tolerant to hydrogen sulfide 
and operate at temperatures above the boiling point of sulfur, thus 
eliminating the poisoning effect of condensed sulfur at the negative 
electrode. 
It was originally proposed to use oxide-conducting electrolytes with 
electrodes which promoted the partial oxidation to sulfur and water, and 
avoid the complete oxidation to sulfur dioxide. The latter would obviously 
be an emission problem. But in the course of the research it was found 
that some oxide electrolytes were, in fact, proton rather than oxide-ion 
conductors. Using these it is possible to directly de-protonate the 
hydrogen sulfide to sulfur at the negative electrode, eliminating the 
opportunity for sulfur dioxide production. The air oxidation at the 
positive electrode produces water vapor, which can safely be emitted. 
Both the original and new scheme were tested in the laboratory. The 
highest power densities ever achieved with this type of fuel cell were 
reported. Effluent analysis shows that sulfur dioxide may be emitted with 
the standard cell design, but not with the new one. The work has pointed 
the way to electrode-electrolyte configurations which may be 
commercially viable. 
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A new high-temperature solid oxide fuel cell was developed; it directly oxidizes 
hydrogen sulfide to elemental sulfur using air as the oxidant. This is possible because 
proton-conducting electrolytes have been substituted for the oxide-ion-conductors 
previously used. 
Currents, voltages, and effluent analyses for an cell configurations are reponect. 
Materials analysis techniques. such as x-ray diffraction and scanning electron 
microscopy. were used to characterize the solid-oxide electrolytes before and after 
use. 
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